ABSTRACT E a t lead-acid batteries were dissected and samples of the electrolyte, negative plate material and positive plate material were subjected to chemical analysis. The results were examined for trends with respect to age.
Introduction
The lead acid batteries under investigation were of the flooded electrolyte design. The chemistry of the battery is of the traditional lead calcium battery with sulfuric acid electrolyte. These batteries are used for back up power. The purpose of this study was to determine the quantity of impurities and to see if trends exist with respect to age of the batteries. The trace element data can be examined to see if the levels are such that the operation and condition of these batteries are affected.
The subject balteries CoDSisted of eight cells for a total voltage of 16 volts. Each battery weighed approximately 1450 pounds and had a capacity of 600 amp-hrs at the 6 how rate. A total of eight batteries were selected for this particular study.
After charging and discharging, the batteries were dissected to determine the condition of internal cell components.
Two cells from each battery were chosen for dissection and retrieval of samples for analysis. The two cells were chosen on the basis of voltage at the end of the previous discharge. The "Best" cell was defined as that cell having the highest voltage and the "Worst" cell was defined as that cell having the lowest voltage.
The electrolyte, positive plate material, and negative plate material were examined chemically in the laboratory. The sulfuric acid electrolyte was analyzed in accordance with the specification' and trace elements were determined by inductively coupled plasma spectroscopy (ICY). The positive and negative plate materials were dissolved in acid and analyzed for trace elements by ICP.
Electrolyte Analysis
Most of the tests called for in the specification were conducted on the electrolyte samples. Two different samples of electrolyte were taken h m each cell. One sample was taken fhm the top of the cell while the other sample was poured from the cell. The electrode stack is so tightly configured within the U.S. Government work not protected by U.S. copyright cell that sampling of electrolyte at various depths was not possible. The two different electrolyte samples allowed for a check of percent sulfuric acid within each cell. Trace element analysis of the electrolyte by ICP allowed a look at possible trends in element concentration within each cell and between cells in the battery as weli as between the different batteries.
Tabulated below are the specific gravity and percent sulfuric acid data for the different age groups. When comparing the two cells fkom the same battery, the worst cell contaiued slightly lower s u b i c acid content. The sample from the top of the cell, which is unmixed, also contained a lower mount of sulfuric acid when compared to the mixed sample. However, the batteries had not received a boost charge for up to six months prior to dissection, which may have contributed to this slight variation in specific gravity reading. The 19 year old and 23 year old batteries designated as number one in the electrolyte data in Table I were of marginal capacity. For ICP analysis the maxi" amount of sample in the smallest volume is desirable. This allows lower detection l i m i t s , a stronger signal greater signal to noise ratio and more acculifte as well as precise results. The negative plate material fbm a charged lead-acid battery consists of lead. Lead sulfate will be present if some discharging and sulfation bas taken place. Although the handbooks and other literature identify acids for dissolution of these materials it was found that the simple use of the recommended acids was not successfuI. Problems with conversion of the lead into either lead chloride or lead nilrate were encountered. These salts are less soluble m concentmted acids than in water. Even though the trace m e a may be in solution the presence of a white precipitate in the volumetric flask during the early stages of this project always plresented the threat of clogging the capillary tubing used by the ICP to aspirate the sample liquid into the plasma. When a precipitate is present there is also the possibility of occlusion of compounds of other elements within that precipitate. Starting sample size and final vohme ailer boiling were very critical for 
Positive Plate Sample Preparation
The positive plate material in a charged lead-acid battery consists of lead dioxide. Lead sulfate, the discharged product, may also be present Dissolution of this material was attempted by trying variouS ratios of nitric acid and hydrogen peroxide. The conversion of the lead species mto l d nitrate proved to be troublesome. As mentioned before lead nitrate is only sparingly soluble in nitric acid. The more concentrated the acid the less soluble the nitrate. Initially, 30%
hydrogen peroxide was used m mixture with nihic acid. In this case more is not better. The final concentration of hydrogen peroxide was considerably less. An analytical text4 which covered the analysis of lead dioxide revealed this. The appropriate procedure for complete dissolution of a one gram sample of positive plate material was as follows: Weigh one gram of positive plate material into a 150 ml beaker. Add 1 5 mls of previously boiled concentrated nitric acid, 10 mls of 1 % hydrogen peroxide and 50 mls of hot water. Heat on a hot plate until dissolution is complete. Transfer to a 100 ml volumetric flask and dilute to the mark with water. This sample solution is nm straight on the ICP. Appropriate dilutions are required if certain elements exceed the most concentrated standard.
ICP Analysis of Positive Plates
Calcium, iron, magnesium and a trace of manganese were detected in all eight batteries. A trend in calcium quantity was noted m all batteries except the second 23 year old battery. The trend consisted of larger quantities of calcium in the lower left sample than m the center sample. No trends were noted for the other elements detected. Typical data are shown in Table IV below. 
Conclusions
Trends in calcium levels with respect to age were noted in the negative and positive plates. The two 23 year old batteries had calcium levels distributed evenly between the center and lower left areas of the plate. The batteries with fewer years of age showed more calcium in the lower left area of the plate.
No trends m trace metal quantities were noted with respect to age of these batteries. The long life and maintenance history of these batteries leads to the conclusion that the impurity levels are not affecting their operation? Trace element levels are not such that battery life would be affected.
